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Background: Pseudomyxoma peritonei (PMP) is a rare clinical condition with fatal
outcomes, which is characterized by the progressive accumulation of mucinous ascites
and peritoneal implants. Some studies have reported the effect of PMP biology on patient
outcome. The objective of this study was to analyze published articles focusing on the
impact of pathology on the prognosis of PMP patients undergoing debulking.

Methods: Data from all studies regarding the prognosis of patients, with different
pathologies, who underwent debulking surgery were analyzed. We searched PubMed,
the Wiley Online Library, Ovid, and the Cochrane Library (through January 2020). Studies
were confined to those articles written in English. Five studies were identified, and the
differences in 5-year survival rates were analyzed according to the Kaplan—Meier survival
curves. The hazard ratios (HRs) of the 5-year survival rates were calculated.

Results: The mean and median 5-year survival rates of all patients were 39 and 40%,
respectively. The median overall survival was 49.3 months. The mean 5-year survival
rates of low-grade PMP was 45.2%. The five studies had sufficient data to calculate HRs
from the 5-year survival rates data, and three had HRs lower than 1. The total HRs was
0.54, with a 95% CI between 0.33 and 0.89 (P = 0.01).

Conclusions: Among PMP patients receiving debulking surgery who are not able
to undergo complete cytoreductive surgery, low-grade biological PMP had a better
prognosis than high-grade PMP.
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INTRODUCTION

Pseudomyxoma peritonei (PMP) is an uncommon clinical
syndrome that is featured by the accumulation and redistribution
of mucinous ascites in the peritoneal cavity, usually resulting
from rupture of a mucin-producing neoplasm, typically of
appendiceal origin (1). The annual incidence of PMP is about 2-4
per million (2, 3). PMP is often asymptomatic in the initial stages,
and as the disease burden increases, some vague abdominal
symptoms may appear, such as abdominal discomfort or pain
(4). The most common manifestation was acute appendicitis
(27%), the second-in-line presentation was abdominal distension
(23%), and the other presentations included new-onset hernia
and ovarian masses in females (5). Recently, with the widespread
application of cross-sectional imaging, this disease may also
be diagnosed accidentally when radiographic imaging was
performed (6). The disease will cause ascites, the complete
obstruction of the intestinal tract, which is manifested as nausea
and vomiting, and without prompt treatment, the patient will
eventually die from starvation (7).

Surgery has always been the main treatment for PMP.
Sugarbaker et al. (8) first introduced complete cytoreductive
surgery (CRS) plus heated intraoperative intraperitoneal
chemotherapy (HIPEC), which provided new ideas for PMP
treatment and has been suggested as the standard therapy (9).
However, a portion of patients (16.5-25.8%) (10, 11) were no
longer suitable for radical surgery at the time of diagnosis due
to the huge burden of PMP; for example, the massive disease
invades the first porta hepatis or the caudate lobe, which is
difficult to be cleaned, and the proximal third of the stomach
and small bowel are involved, which would lead the length of
the remnant intestines to be shorter than 2 m. For these patients,
who represent a group with highly advanced PMP, the next best
choice is debulking surgery (12). The definition of debulking
surgery is a surgical technique that is done when the macroscopic
tumor in the abdominal cavity cannot be removed. Currently,
there is a clear distinction between CRS and debulking surgery
according to completeness assessed by the cytoreduction score
(13). CCRO shows that there are no gross residual tumors in the
abdominal cavity after surgery, CCR1 indicates that the diameter
of the residual tumors is <2.5mm, CCR2 indicates that the
diameter of the residual nodules is between 2.5 mm and 2.5 cm,
and CCR3 indicates that the residual nodules are larger than
2.5cm in diameter. Generally, CCR2 and CCR3 are incomplete
cytoreductions and are considered debulking surgeries with
macroscopic residual tumors. Debulking surgery aims to obtain
prolonged overall survival (OS) and to improve the quality of
life substantially by relieving symptoms over a long period of
time. Moreover, debulking surgery (14, 15) appears to be the
safer approach with a relatively lower mortality and morbidity
rate than CRS, which is carried out only at a fraction of centers
around the world (16-18).

The pathological classification of PMP is still controversial, for
the biological nature of PMP is a dynamic process of continuous
change from benign to malignant disease (19). Originally, the
pathology of the PMP lesions can be split into three groups
(20): diffuse peritoneal adenomucinosis (DPAM), peritoneal

mucinous carcinoma (PMCA), and an intermediate/discordant
subtype (PMCA-I/D). When the PMP patients were treated by
the same surgeon uniformly, the 5-year survival rates was 75%
for the patients whose pathological type were DPAM, 50% for the
PMCA-1/D subgroup, and 14% for the PMCA patients (21). In
2006, Bradley et al. (22) reviewed the outcomes of 101 patients
and classified PMP into low-grade mucinous carcinoma peritonei
(MCP-L), which contained DPAM and PACA-I/D, two types that
did not have significantly different 5-year survival rates (68%
for DPAM and 62% for PACA-1/D), and high-grade mucinous
carcinoma peritonei (MCP-H). In recent studies, Nakakura et al.
(1) and Chua et al. (23) also supported the Bradley criteria
and considered it to be the rational classification method to
predict the outcomes of PMP patients. Based on this knowledge,
the Peritoneal Surface Oncology Group International (PSOGI)
(9), American Joint Committee on Cancer (AJCC) (24), and
World Health Organization (WHO) (25) have proposed various
classification systems. To make the pathologic classification of
pseudomyxoma peritonei less disputed and confusing, we can
conclude that MCP-L includes DPAM and PMCA-I/D tumors,
and MCP-H just includes PMCA tumors. This pathological
classification method was accepted by many areas and treatment
centers. However, all of these classifications, like the two-/three-
and four-group classification system, were proposed based on a
limited quantity of patients, and it is still far from clear which
classification system could categorize PMP patients into different
prognostic groups preferably.

There have been very few clinical trials, especially randomized
controlled studies, documenting the relationship between biology
and the prognosis of PMP patients who receive debulking
surgery, as the incidence of pseudomyxoma peritonei is very
low. In addition, as CRS + HIPEC has already been agreed
upon as the standard therapy for PMP patients, many studies
ignored that there are still some PMP patients who do not have
the opportunity to receive CRS + HIPEC therapy because of
the advanced disease situation or limited technology in some
medical centers (26, 27). Most of these patients need to receive
debulking surgery to relieve their symptoms, but whether all
these patients can benefit from debulking surgery in terms of
survival rates is still controversial (28), especially when these
PMP patients are classified as low grade or high grade. Therefore,
the significance and novelty of our work is to focus on those
neglected PMP patient populations and analyze the 5-year
survival rates of patients with different pathological types after
receiving debulking surgery, which could be informative for
physicians when making decisions.

METHODS
Literature Search Strategy

“Pseudomyxoma Peritonei” or “Pseudomyxoma Peritonei
Syndrome” and “debulking” were used as key terms to search
the literatures through January 30, 2020, using the PubMed,
Wiley Online Library, Ovid, and Cochrane Library databases.
The included studies were limited to the published journal
articles that were written in English within the past 20 years. In
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addition, we reviewed the references of the included literature to
identify records from other sources. The entire search process
was carried out independently by two blinded individuals, that
is, the information that may have an impact on the literature
filters was removed, such as date, the name of the journal, the
author, the author’s organization, and the funding status.

Exclusion Criteria

Case reports, comments, abstracts, and review articles were
excluded from our studies. Studies that had insufficient data and
studies that did not stratify PMP patients who received debulking
surgery based on pathology were also excluded. In addition,
repeated studies were not included, such as those that included

Records identified through
database searching

Additional records identified
through other sources

(n=115) (n=0)
v y
Records after duplicates removed

(n=81)

Y
Records screened N Records excluded

(n=67) e (n=31)

A 4
Full-text articles assessed Full-text articles excluded,
for eligibility > with insufficient data

(n=36) (n=22)

v

(n=14)

Studies included in
qualitative synthesis

A 4

(n=75)

Studies included in
guantitative synthesis
(meta-analysis)

FIGURE 1 | Study flow diagram.
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TABLE 1 | List of information about the included studies.

Study Size (n) 5-year Median OS (m) Morbidity of 5-year survival of Pathology
survival (%) low-grade patients with method
pseudomyxoma low-grade PMP
peritonei (PMP) (%) (%)
Andreasson et al. (29) 40 40 39.3 25 40 Bradley
Chua et al. (23) 373 24 50.4 64 33 Bradley
Dayal et al. (30) 205 30 51.9 60 38 Bradley
Delhorme et al. (14) 39 46 55.5 64 45 Ronnett
Ronnett et al. (21) 109 55 72 70 Ronnett
Total 766
Mean 39 49.3 59 45.2
Median 40 51.2 64 40
Study Newcastle-Ottawa Type of SPIC/EPIC (%) Heated Systemic Country
scale (NOS) study intraoperative Chemotherapy (%)
intraperitoneal
chemotherapy
(HIPEC) (%)
Andreasson et al. (29) 7 Retrospective 77.5 17.5 23 (Preoperative) Sweden
cohort study
Chua et al. (23) 8 Retrospective 2 60 16 (Preoperative) 16 Regions
cohort study
Dayal et al. (30) 7 Retrospective 0 62.9 0 UK
cohort study
Delhorme et al. (14) 6 Retrospective 0 2.5 64 (post-operative) France
cohort study 44 (Preoperative)
Ronnett et al. (21) 7 Retrospective 100 0 0 us

cohort study

OS, overall survival; SPIC, sequential post-operative intraperitoneal chemotherapy.

research data were released by the same research centers, and
only the most recent data that were published by each center
were included. In the end, eligible studies should present the
relationship between biology and prognosis in patients with PMP
who underwent debulking surgery. The flow chart is shown in
Figure 1. Data on the 5-year survival rates and survival curves
were collected.

Data Extraction and Quality Assessment
Microsoft Excel was used to record the name of the first author,
year of publication, sample size, 5-year survival rates, mortality,
and median OS of all PMP patients and patients with low-grade
disease. If the HRs were not given in the included study, the
HRs were extracted from the survival curves with the software
Engauge Digitizer by plotting points on the survival curves.

As all the included studies were retrospective studies, the
quality of the included articles was assessed by the Newcastle-
Ottawa scale (NOS). Three aspects were evaluated: case selection,
comparability, and outcome; the scores ranged from 0 to 9
(allocated as stars). The included studies that obtained six or
more stars were considered to be of high quality.

Data Analysis

Review Manager 5.2 (Cochrane Collaboration, Oxford, UK) was
used for statistical analysis. The heterogeneity was detected by
the chi-square test. P > 0.10 was considered homogeneous;

otherwise, the data were heterogeneous. In addition, I?> was
applied as an indicator of heterogeneity. When I? > 50%, the
data were considered heterogeneous. In the case of homogeneity,
a fixed effect model was chosen; otherwise, a random effect model
was used. The extracted data were applied to calculate the HRs,
and a forest plot was used to present the analysis results.

RESULTS

Search Results

A preliminary search according to the determined previously
searched terms identified 115 related studies. Excluding reviews,
case reports, and duplicate articles, a total of 14 related studies
were found. After carefully reading the original text, there were
five articles that met the inclusion criteria that presented the
relationship between biology and prognosis in patients with PMP
who received debulking surgery. The flow diagram is shown
in Figure 1. These five studies reported data on 766 patients
(Table 1), and the quality of the included articles was valued by
the NOS scoring system with a score between 6 and 8 points.

The Results of the Meta-Analysis

The mean and median 5-year survival rates of all PMP patients
who received debulking surgery in the five studies were 39
and 40%, respectively. The median OS was 49.3 months for
these patients, and one study (21) did not report the OS of all
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patients. Because two included articles did not provide the date
of mortality, the mean mortality rate in the remaining studies was
1.2%. Of the five studies included, the mean and median values of
the proportions of low-grade PMP were 59 and 64%, respectively.
The mean 5-year survival rate of the low-grade PMP subgroup
was 45.2%.

The data on the 5-year survival rates or Kaplan-Meier survival
curve evaluations in these five studies were sufficient to calculate
HRs. The statistical heterogeneity was found among the studies
(P = 0.0008, I> = 79%), so a random effect model was used for
the meta-analysis. Among the five studies that were investigated,
the HRs of three studies were lower than 1, accompanied with
confidence intervals that did not reach 1 (Chua: HR 0.66, CI
0.52-0.83; Dayal: HR 0.28, CI 0.18-0.43; Ronnett: HR 0.35,
CI: 0.21-0.58).

One of the five studies had a hazard ratios (HRs) close to
1 (0.95), and its confidence intervals contained the value of 1.
The remaining one study had an HR higher than 1 (1.31) with
confidence intervals that included 1. The relationship between
HRs and the value of 1 are shown in Figure 2. The results of the
meta-analysis showed that among the PMP patients who received
debulking, the prognosis of patients with low-grade pathology
was better than that of patients with high-grade pathology, and
there were significant differences [HR = 0.54, 95% CI (0.33, 0.89),
P =0.01].

Bias Evaluation

A systematic, comprehensive, and unbiased search was
conducted for all studies related to our subject to reduce
sampling bias. Two individuals adopted a blinded method to
select studies strictly in accordance with the inclusion and
exclusion criteria to control for selection bias. A quantitative
evaluation of the included literature was conducted with the
NOS evaluation method to reduce research bias. Funnel plots,
which are often used to evaluate publication bias, do not apply
to this paper because there are only five articles, far fewer than
nine articles.

DISCUSSION

This meta-analysis of five retrospective studies that included 766
patients and compared the 5-year survival rates of MCP-L groups

and MCP-H groups who received debulking surgery showed that
the 5-year survival rates of low-grade groups were significantly
better. Indeed, in patients who received CRS (23), the 5-year
survival rate of the low-grade group was 91% and was higher than
the 68% of the high-grade group, which is in accordance with
our results of the meta-analysis. This would appear to indicate
that despite the experience of the centers and treatment regimens
(surgical debulking or CRS), biology is also an important
determinant factor of PMP patient prognosis, probably because
high-grade mucinous carcinoma peritonei easily diffuses into
the abdomen, resulting in an extensive burden of disease and
recurrence. However, the mean 5-year survival rate of our study
was 39%, which was lower than that of some centers that observed
patients who derived survival and symptomatic benefits despite
incomplete cytoreductive surgery (31) and found that the 5-
year survival rates was close to 50% with a low morbidity rate.
The proportion of high-grade disease in those patients fluctuated
between 10 and 17% (32), which is far lower than the average
proportion of high-grade disease (41%) of our five included
studies. Therefore, we can speculate that as the proportion of
high-grade pathological types among patients who underwent
debulking surgery increased, the 5-year survival rates gradually
decreased. This proved that PMP is definitely a heterogeneous
disease, especially at the histopathology level. The pathological
type determines the natural course of PMP progression and
prognosis. Therefore, a “one-size-fits-all” technology for PMP
patients may not be appropriate. We suggest that doctors should
learn to use different treatment therapies for PMP patients with
MCP-H and those with MCP-L.

In addition to pathological type and surgical treatment,
there are many factors related to the prognosis of PMP
patients; for example, the extent of peritoneal seeding
[which can be quantified by the Peritoneal Cancer Index
(PCI)] and the use of chemotherapy, such as locoregional
chemotherapy, including intraperitoneal  chemotherapy
(IPC) and HIPEC (33), has been studied and reported
in many countries and regions around the world (34-
36) and can improve the 5-year survival rates, although
with higher mortality and morbidity (37, 38). If there is
no visible residual cancer or residual tumor deposits that
measure <2.5mm in size (CRRO or CRRI1) after surgery,
chemotherapeutic drugs can penetrate into the cells and

Study or Subgrou log[Hazard Ratio SE_Weight
Andreasson 2012 0.27002714 0.56958197 11.6%
Chua 2012 -0.4155154 0.11748084 26.7%
Dayal 2013 -1.2729657 0.22215009 23.3%
Delhorme 2016 -0.05129329 0.40335054 16.4%
Ronnett, B 2001 -1.04982212 0.25472674 22.0%
Total (95% ClI) 100.0%

Test for overall effect: Z = 2.44 (P = 0.01)

FIGURE 2 | Forest plot of low-grade and high-grade pseudomyxoma peritonei.

1V, Random, 95% CI

Heterogeneity: Tau? = 0.22; Chi* = 18.93, df = 4 (P = 0.0008); I> = 79%

Hazard Ratio
IV, Random, 95% Cl

Hazard Ratio

1.31[0.43, 4.00] -
0.66 [0.52, 0.83] -
0.28 [0.18, 0.43] =
0.95[0.43, 2.09] I
0.35[0.21, 0.58] =
0.54 [0.33, 0.89] <>
0.01 0.1 1 10 100
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eradicate residual lesions (39, 40). However, the application of
systemic chemotherapy for PMP patients is still controversial
because of the peritoneal-plasma barrier (41), which affects
the concentration of chemotherapy drugs in peritoneal tumor
tissues. This mechanism is also the theoretical basis for
intraperitoneal chemotherapy because the drug concentration
in the peritoneal cavity is 20-1,000 times higher than the
plasma drug concentration (42). In our five included studies,
most of the patients were treated with different chemotherapy
regimens. Regardless of whether systemic chemotherapy or
intraperitoneal chemotherapy was used, these methods did
not have much effect on 5-year survival rates. Therefore,
the clinical heterogeneity caused by adjuvant chemotherapy
did not interfere with the results of this meta-analysis. It
can be seen from this that the size of the residual lesion is a
prerequisite for ensuring the effectiveness of HIPEC. More
research is still needed to explore whether HIPEC should
be performed after debulking surgery to improve survival
rates and quality of life, and the choice of chemotherapy
drugs, the number of cycles, timing of chemotherapy, and the
combined application with systemic chemotherapy also need
further study.

The I? of this study was 79%, indicating that the included
studies have high heterogeneity (43), so we decided to apply
a random effects model to estimate the pooled effect size and
partially correct the heterogeneity. Moreover, improving the
accuracy of the estimated confidence interval increases the
examination of efficiency. Herein, we will discuss the sources
of heterogeneity in this meta-analysis from three aspects. First,
the difference in sample size may cause heterogeneity. Based
on the forest plot, two outliers were found to have relatively
small sample sizes (14, 29). Therefore, a sensitivity analysis was
carried out by removing these two studies and indicated that the
results of the meta-analysis did not change [HR = 0.41, 95%
CI (0.23, 0.74), P = 0.03], but I? increased to 86%; therefore,
we tried to remove the study with the largest sample size (23).
The results showed that HR = 0.52, 95% CI (0.27, 0.98), and P
= 0.04, and I dropped to 75%. There was no difference with
the original analysis results, which strengthens the credibility
of the original analysis results. Second, two studies (14, 21)
used the three-group pathological classification proposed by
Ronnett et al., and the other three studies (23, 29, 30) used the
two-group pathological classification proposed by Bradley et al.
Therefore, we performed a subgroup analysis simply according
to the different pathological classification methods. The results
are shown in Table 2. Although there was a slight change in
I?, the subgroup analysis did not reduce the heterogeneity
of the meta-analysis. Therefore, it can be inferred that the
pathological classification method is not the main source of
heterogeneity. The last but not the least, as the subjects were
PMP patients who underwent debulking surgery in different
studies, the difference in the degree of debulking (CCR2 or
CCR3) may be the source of heterogeneity. However, because
the original texts of the included studies did not provide
detailed reports on the surgical procedure, it was impossible
to conduct further subgroup analyses. In summary, although

TABLE 2 | Subgroup analysis according to pathology.

Subgroup Grouping No. of P 2 HR (95% CI)
factors standards articles
Pathological ~ Two-group 3 0.12 86% 0.56 (0.27, 1.16)
classification

Three-group 2 0.23 77% 0.55 (0.21, 1.45)
Total 5 0.01 79% 0.54 (0.383, 0.89)

the heterogeneity of this meta-analysis was high, the results
were credible.

Currently, with increased understanding of the disease (such
as the clinical manifestation and prognosis) and improvements in
surgical techniques, the mortality and complication rates of CRS
+ HIPEC have slowly decreased in recent years, but of course,
patient selection bias cannot be ruled out (44). This has led
many clinical centers to focus on selecting the optimal treatment
while ignoring the insight shared by Blake Cady, MD (45) more
than 20 years ago. “In the world of surgical oncology; Biology is
King; Selection is Queen; Technical maneuvers are the Prince and
Princess; Occasionally the prince or princess tries to usurp the
throne; they almost always fail to overcome the powerful forces of
the King and Queen.” Therefore, if the histopathology subtypes
are not considered, just advocating bulking surgery for PMP
patients could be biased. Especially for high-grade mucinous
carcinoma peritonei patients, debulking surgery seems to be
effective in relieving symptoms (27). For prolonging the survival
rates of high-grade mucinous carcinoma peritonei patients, our
meta-analysis did not support that debulking surgery is an
effective treatment because the mean 5-year survival rates of these
five articles is only 18.5%, far lower than the many studies that
have been published (46). Although the current situation is not
very optimistic, we should not abandon the discussion on the
relationship between biology and treatment methods for these
patients with severe illness and poor condition. There is still a
lot we can do to reduce the symptoms of these patients, improve
quality of life, and even extend their survival time through
other care.

Despite rigorous screening and corrections, our meta-analysis
has limitations. First, since there were only five articles included,
there were not enough studies, and we did not draw a funnel plot
to analyze publication bias. In addition, all of the included studies
were retrospective studies. The reason for the little research
in this area may be the insufficient sample sizes of single-
center studies, and long-term survival beyond 5 years has been
rarely reported in patients with PMP who are unable to receive
CRS. Second, there is still a dispute regarding the pathological
classification, and there is no uniform standard to classify
PMP patients, even if the Bradley criteria or Ronnett criteria
classification system, used by our included studies, were proposed
on a limited number of patients. Thus, the best pathological
classification needs to be determined by more researches to
categorize patients with PMP into unique prognostic groups.
Therefore, it is essential to include more studies to control
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bias, improve the credibility of the data, and update this meta-
analysis.

CONCLUSION

In conclusion, for patients with low-grade biology who cannot
receive CRS + HIPEC for various reasons, debulking surgery is a
suitable choice for relieving symptoms, improving quality of life,
and prolonging survival. However, for high-grade PMP patients
with an extensive burden of disease who are not suitable for
CRS, the debulking surgery is more likely to offer a symptomatic
benefit rather than improving survival rates. In addition, for
the treatment of high-grade patients, we are more inclined to
relieve symptoms and guarantee quality of life rather than blindly
pursuing an improved survival rate.
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